Synchrotron oscillations in a storage ring can be driven by noise in the storage ring RF system. For phase noise in the master oscillator, which falls off exponentially with frequency, we show that beam oscillations can become significant in cases of moderate to heavy beam loading. We derive the transfer function for generator phase to beam phase and calculate the beam motion using the measured phase noise in several master oscillator sources. This is compared with measurements of the beam noise made at the Advanced Light Source, a 1.5-1.9 GeV electron storage ring.
INTRODUCTION
In the summer of 1998, scientists using the infrared synchrotron light beam line at the Advanced Light Source (ALS) reported observations of beam motion in the frequency range of 4 to IO kHz, variable with total beam current. Our investigations linked the beam motion to energy oscillations of the beam at a point of dispersion in the lattice. These oscillations were found to be driven by phase noise in the RF master oscillator (MO), which eventually was replaced with a lower noise MO. This paper describes the model used to calculate the effect of the phase noise on the beam and compares calculations with measurements of beam motion.
The dynamics of the interaction of a radiofrequency (RF) cavity with the beam, known as the Robinson effect[l), are well understood as are the regions of stability in the interaction. Although a storage ring RF system is always configured to Robinson stable, the effect of noise in the RF system can be significant [Z] , particularly in cases of moderate to heavy beam loading, where the Robinson frequency shift is large enough that the beam couples to low frequency noise sources. In this paper, we determine the beam motion driven by phase noise in master oscillator in the RF source in the limits of heavy beam loading. In particular, we are concerned with energy oscillations of the beam. Calculations of the effects are compared with beam measurements made on the Advanced Light Source, a 1.5-1.9 GeV electron storage optimized for producing synchrotron radiation.
Section 2 reviews the beam-cavity interaction using the Pedersen small-signal model the find the transfer functions between the generator phase and beam phase and energy. Section 3 presents measurements of master oscillator phase noise, calculations of the beam noise using the measured damping, respectively. To compute the total beam motion, one simply integrates the product of the noise spectrum and the transfer function. If the noise had a flat frequencydistribution (i.e. white noise), the spectrum of the phase motion would be proportional to'the transfer function. However, if the noise spectrum fell off exponentially at higher frequencies, as is the case with phase noise in the master oscillator, the beam would he more strongly excited at higher current with a larger Robinson frequency shift. The next section shows measurements made at the ALS confirming this.
PEDERSEN MODEL OF BEAM-CAVITY INTERACTIONS

MEASUREMENTS
where bs is the radiation damping rate. The beam energy transfer function is given by where cy is the momentum compaction.
The transfer functions for the beam phase and energy, computed for the nominal ALS beam current range are shown in Fig. 3. For an HP8644B low phase noise signal source, which was purchased when the source of the phase noise was identified.
To determine the amount of beam motion driven by the phase noise in the MO, we measured the phase noise by simply observing the spectrum of phase modulation sidebands generated on a spectrum analyzer. This is shown in The disagreement at high current may he due to the response of the coupled-bunch feedback system which has been neglected in calculations of the transfer function.
The effect of reducing the M O phase noise is shown in Fig. 6 which shows the spectrum of beam motion using the HP ESGIOOOA and HP8644B. The beam motion is reduced by the ratio of the noise in the two MOs.
Calculated phase noise at the same beam currents.
CONCLUSIONS
We have identified phase noise in the 500 MHz master oscillator as a source of driven synchrotron oscillations in 
